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Early Biominearalization of Mice Bone Studied by 31P and 13C Solid State
NMR at Different Stage of Age
Peizhi Zhu, Jiadi Xu, Guisheng Zhao, Michael D. Morris,
Ayyalusamy Ramamoorthy, Renny T. Franceschi.
Biomineralization in nearly all vertebrates is a complex process controlled
by interactions of minerals and organic matrix. Several Studies have dem-
onstrated that the size of mineral can also affect collagen microarchitecture.
Although bone structure has been extensively studied, the early stages of
bone mineralization and matrix formation still remain unknown. Bone is
a highly heterogeneous material with a complex hierarchical structure.
High-resolution solid-state NMR can probe selected magnetic nuclei and
get structure information at the atomic-level that are difficult to obtain by
other methods. Using 31P and 13C solid state NMR, we investigated the min-
eral and matrix change as a function of age. Our results show that there is
a large amount of monohydrogen phosphates at early stage of mineraliza-
tion. The experimental results indicate that apatite content increase while
monohydrogen phosphates, phosphates and phosphouslipid decrease as
mice matured. Our findings confirmed that with the increase of mineraliza-
tion, the stiffness of collagen increases due to the interaction between the
collagen and mineral.
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Speciation of Organic Phosphorus in P-Immobilizing Soils: A 31P NMR
Study
Johan E. Vestergren, Andrea Vincent, Per Persson, Mats Jansson,
Juergen Schleucher, Reiner Giesler, Gerhard Gro¨bner.
Phosphorus (P) is globally a crucial nutrient and in many agricultural areas
the limiting factor for plant growth. Over the past 30 years several studies
have been made in order to completely understand the fate and cycle of
P, but knowledge is still limited, especially in the area of overall
speciation and the sorption processes and mechanisms of organic P in soils
Here,solution 31P NMR and solid state 31P NMR were used on humus soils
to describe the P composition in soils along two productivity gradients
in a Fennoscandian boreal forest who simultaneously display sorption gra-
dients due to differences in Al and Fe levels. Phosphorus composition
changed significantly along the gradients. The abundance of phosphate
diesters, their degradation products and polyphosphates are more
abundant in low Al and Fe sites. Phosphate mono esters, like inositole
phosphate has a more pronounced presence in high Al and Fe sites. It
would seem that in low Al and Fe sites the difference in speciation of or-
ganic P more closely mirrors the input of P whereas the high Al and Fe
sites shows the composition of P possibly being more governed by sorption
affinity.
Our sampling sites include the wide range of soil properties expected to be
found in boreal Fennoscandian soils and therefore provide an important view
on the biogeochemistry and especially the organic P governing factors for
this region.
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Structural Studies of an Immunoglobulin-Fibronectin Type III Domain
Tandem from Titin
Andras Czajlik, Gary Thompson, Ghulam N. Khan, Arnout Kalverde,
Steve W. Homans, John Trinick.
Abstract: Titin is a giant multidomain protein in muscle. Single molecules
span half the sarcomere, from the Z-disk to the M-band, and are involved in
sarcomere assembly and elasticity. In the A-band titin is attached to thick
filaments and here the domain arrangement is in regular patterns of eleven,
called large super-repeats. The large super-repeat occurs eleven times and
forms nearly half the titin molecule. Interactions of the large super-
repeats with myosin and C-protein suggest a role in thick filament assembly.
We are determining the atomic structures, dynamical properties and the
inter-domain arrangements of overlapping double and triple domain frag-
ments of a large super-repeat (titin A59-A69 unit) by NMR spectroscopy.
Ultimately, we hope to combine the data to reconstruct the overall confor-
mation of the super-repeat. As reported earlier, we first studied a fibronectin
type III domain tandem (A59-A60). Now we are investigating an
immunoglobulin-fibronectin type III domain tandem (A67-A68). Assign-
ment of the backbone atoms was completed using triple resonance NMR ex-
periments. Initial structures for both domains were determined from either
backbone chemical shifts using CS23D and CS-Rosetta software packages
or homology modeling. We are refining the structures using NOE and
RDC data to give atomic models and the orientation of the domains. Thesewill be used as a basis for analysis of solution state 1H-15N relaxation data
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Intrinsic Dynamics Prime Calmodulin for Peptide Binding: Characteriz-
ing Lowly Populated States by Paramagnetic Relaxation Enhancement
Nicholas J. Anthis, Marius Clore.
Many biomolecular processes, such as protein binding, proceed through
transient lowly populated states. Because these intermediates comprise
only a small fraction of the total population at equilibrium, they are inacces-
sible to traditional structural biological methods. However, recent develop-
ments in paramagnetic relaxation enhancement (PRE) have now made it
possible structurally characterize these otherwise invisible states by NMR
if they rapidly exchange with the major state. Here, we extend these
methods to explore the lowly populated states adopted in solution by the
calcium-sensing protein calmodulin. Calmodulin adopts a highly compact
structure in its peptide-bound form, but X-ray studies indicate that the un-
bound form adopts a more extended ‘‘dumbbell’’ structure, comprised of
two globular domains separated by a central helix, which has been indicated
to be highly flexible. In order to characterize the lowly populated states
adopted by calmodulin, we measured the transverse PREs induced by cova-
lently attaching nitroxide spin labels at various sites within the protein. The
PRE profiles measured for calmodulin bound to a myosin kinase peptide are
fully consistent with the known X-ray structure. Unbound calmodulin, on
the other hand, exhibits significant interdomain PREs that cannot be ex-
plained by the extended ‘‘dumbbell’’ model or any other known structure.
However, the experimental PRE data were successfully fit by performing
simulated annealing structure calculations in Xplor-NIH, starting from the
‘‘dumbbell’’ structure but allowing flexibility within the central helix for
a minor population. Many members of the resulting ensemble cluster around
the peptide-bound conformation, although calmodulin samples a wide range
of conformations in the unbound state. Thus, flexibility in its central helix
appears to prime calmodulin to bind to its various peptide targets. These
findings illustrate the utility of PRE-based studies for exploring such dy-
namic systems.
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Dynamics Studies of HIV-1 CA Protein Assemblies by Solid-State MAS
NMR Spectroscopy
Guangjin Hou, Yun Han, Christopher Suiter, In-Ja L. Byeon, Jinwoo Ahn,
Jason Concel, Angela M. Gronenborn, Tatyana Polenova.
The capsids of mature retroviruses perform the essential function of orga-
nizing the viral genome for efficient replication. In mature HIV-1 virions,
the 25.6 kDa CA protein assemblies into a fullerene cone, a closed shell.
Tyrosine residues in the capsid proteins of retroviruses play important roles
in protein folding and assembly packing1. In HIV-1 CA protein, Y145,
which is located in the linker region between N- and C-terminal domains
might play a pivot role in HIV-1 capsid assembly.2,3 However, the molec-
ular interactions involving Y145 that stabilize the assembly, including the
dynamic behavior of this residue in the assembled and unassembled CA
are unknown.
We have recently determined that MAS NMR spectroscopy can yield atomic-
resolution information on assembled CA capsids and reported partial reso-
nance assignments and secondary structure analysis of conical assemblies.4
Herein, we present studies of the internal dynamics of the Tyr resiudes in
CA as probed by various solid-state NMR methods. 15N/1H chemical shift an-
isotropies (CSA) and 1H-15N/1H-13C dipolar order parameters have been ob-
tained in selectively labeled 13C, 15N -Tyr HIV-1 CA protein assemblies of
conical morphologies, as well as in N- and C-terminal domains of CA. Our
results demonstrate that Y145 exhibits reduced 15N and 1H chemical shift an-
isotropy, as well as smaller 1H-15N and 1H-13C dipolar order parameters, pre-
sumably due to its backbone mobility on nano- to microsecond timescales.
Moreover, the NMR parameters of Y145 are strongly temperature dependent,
another evidence of internal conformational dynamics. In contrast, the other
three Tyr residues, Y130, Y164 and Y169, which are located in a-helical re-
gions of CA, display rigid-limit chemical shielding anisotropies and dipolar
order parameters.
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